This research investigates the effectiveness of integrating Interactive Whiteboard (IWB) into the junior high school biology teaching. This research adopts a quasi-experimental design and divides the participating students into the conventional ICT-integrated learning environment and IWB-integrated learning environment. Before teaching, students took the pre-test of summative assessment. The entire teaching process was recorded as a teaching video for analysis of teacher-student verbal interactions. Finally, students took the post-test of summative assessment and Constructivist Multimedia Learning Environment Survey (Maro & Fraser, 2005). The findings show that students in the IWB group have significantly better learning effectiveness. They also tend to have more positive attitudes towards their learning environment. The verbal interactions in the IWB group tend to involve less lecturing and more active participation by students. .
INTRODUCTION
In the field of biology education, cell division is generally acknowledged as a difficult topic for both teaching and learning by junior high school teachers and students (Brown, 1995; Oztap, Ozay, & Oztap, 2003) . Research has also concluded that students of different ages and stages fail to fully comprehend the process of cell division (Lewis, Leach, Wood-Robinsoon, 2000a, b; Lewis & Wood-Robinsoon, 2000; Smith, 1991) . Lewis et al. (2000a, b) indicated that students' inability to completely grasp the subject results from their lack of understanding of the relationships among the basic structures of cells, chromosomes, genes, and genetic information, and that students commonly felt confused about genetics terminology. Therefore, clear illustration of the relationships among basic structures is of great assistance to students. Brown (1995) and Oztap et al. (2003) further contended that various kinds of visualization media, such as static and motion pictures of chromosomes in different stages of cell division, teachers' instruction more versatile. Thus, IWBs appear to be a useful instructional tool in assisting students to construct a coherent conceptual framework of genetics and cell division. Moreover, the IWB trait of high interaction reduces the distance between teachers and students, as well as that amongst the students themselves (Northcote, Mildenhall, Marshall, & Swan, 2010; Smith, Higgins, Wall, & Miller, 2005) .
Countries around the globe have invested greatly in this learning technology, and incorporated it into schools at different levels. IWBs have thus become one of the most visible indicators of learning technology in the educational field in the past ten years (Thomas & Jones, 2010) . It is therefore necessary to research the application of IWB to teaching, for the purpose of developing appropriate teaching strategies and designs based on the advantages of IWBs for curriculum designers and instructors' reference. Consistent with the current trend of fast-developing ICTs, this research thus integrates multimedia presentations to assist students in establishing the concept of relationships among genetics basic structures. This research uses multimedia presentations such as 2D or 3D figures, animations, videos and simulations to emphasize the dynamic nature of the cell division process and elucidate the basic structures.
IWB is a new learning technology that creates a completely different learning environment from conventional classroom and an unusual pattern of interaction between teachers and students. Many empirical studies identify the positive effects of IWBs on teaching, finding that it improves learning motivation and enhances the learning effectiveness, and information competencies of both teachers and students. However, these studies large consist of smallscale research projects conducted by individual teachers at universities and middle and elementary schools in the United Kingdom, the United States, Canada, and Australia (Glover, Miller, Averis, & Door, 2005; Smith et al., 2005) . Therefore, Smith et al. (2005) and Torff and Tiroff (2010) advocate continuous and official studies embodying meticulous experimental design to collect research data, in addition to self-reported data, in order to clarify IWB's influence on students' learning and distinguish the unique merits of IWB from other learning technologies. In response to this call, this research adopts a quasi-experimental design to compare student learning in the IWB-integrated and conventional ICT-integrated learning environments. Quantitative and qualitative data are collected and analyzed to investigate how the integration of IWB into a learning environment influences learning effectiveness of first-year junior high school students in learning cell division in Science and Life Technology curriculum and their attitudes towards learning environment. This research also uses State of the literature  Cell division is acknowledged as a difficult topic of junior high school biology. Multimedia presentations are beneficial to student understanding of the dynamic nature of cell division.  Interactive Whiteboard (IWB) enables technologyenhanced interactive and multimedia teaching. It creates two-way interaction and operation between the whiteboard and computer, forming a new interface that integrates all digital educational resources.  Teachers made an important contribution to the classroom's learning environment or atmosphere in guiding student to learn science. Teaching activities are directly linked to students' learning accomplishments. Interaction between teachers and students plays a key role in influencing learning outcomes.
Contribution of this paper to the literature
 This research proposes an effective technologyenchanced teaching strategy to improve student learning of the topic of 'cell division' in junior high school biology.  The teacher-student verbal interactions in IWB teaching environment tend to involve more student active participation and students in the IWB teaching environment tend to have more positive attitudes towards learning environment.  IWB makes it easy to bring together a diverse array of learning resources, represent scientific phenomena via multi-dimensional teaching strategies and facilitate teachers in performing interactive teaching, improving student involvement in and understanding of learning materials, and improving student learning effectiveness.
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videotaping during the class to observe how IWB affects the teacher-student verbal interaction.
This research examines three questions as follows: 1.
Compared to a conventional ICTintegrated learning environment, how does an IWB-integrated learning environment improve junior high school student learning effectiveness for the topic of cell division?
2.
Compared to a conventional ICTintegrated learning environment, how does an IWB-integrated learning environment influence students' attitudes toward the learning environment?
3.
Compared to a conventional ICTintegrated learning environment, what differences does an IWB-integrated learning environment create in verbal interactions between teachers and students?
LITERATURE REVIEW

IWB and education
In recent years, use of ICT in education has steadily grown. A form of ICT, an IWB creates two-way interaction and operation between the whiteboard and the computer, forming a new interface that integrates all digital educational resources. In addition, IWB's built-in educational software and its dynamic presentation of integrated multimedia allow teachers to be more flexible and versatile in their instruction, and helps boost student attention and improve their conceptual understandings. IWB's high interactivity also bridges the distance between teachers and students and between the students themselves (Northcote et al., 2010; Smith et al., 2005) . With these advantages in mind, many countries have introduced IWBs into schools at different levels, resulting in the technology's rapid emergence over the past decade (Thomas & Jones, 2010) .
The literature describes various benefits of IWBs as a teaching and learning tool, including: improvement of teaching effectiveness, multimedia/multimodal presentations, support of development and management of teaching resources, improvement of interaction level, student learning motivation and attention, and enhancement of student opportunities for participation and cooperation (BECTA, 2007; Glover et al., 2005; Smith et al., 2005) . These potential advantages of IWB may be materialized as the massive educational source materials embedded in the IWB itself that are instrumental in the extension of teaching materials (Slay, Sieborger, & Hodgkinson-Williams, 2008; Smith et al., 2005) . Furthermore, IWBs are able to integrate audiovisual and graphic presentations to produce versatile resources, and make instruction be more colorful and useful for everyday life (Levy, 2002) . IWBs also make courses more complete and allow students to be immersed in the courses, elevating student learning motivation and participation. In addition, the presentation of multimedia and multimodal visual nature delivered by IWBs not only facilitates student understanding of concepts, but also meets the requirements of students with different learning styles, and raises student concentration (BECTA, 2007; Glover et al., 2005; Holmes, 2009; Northcote et al., 2010; Slay et al., 2008; Smith et al., 2005; . IWBs can also enlarge or focus on specific contents based on the teaching or different needs of students, allow notes to be taken on the panel, and record the course of interactions between teachers and students or the instruction process to be forwarded or rewound for review purposes (Slay et al., 2008; . Unlike desktop computers in an e-Learning environment, the IWB panel generates more eye contact and interaction between teachers and students (Slay et al., 2008) . The high interactivity of IWBs reduces the distance between teachers and students and between the students themselves, increasing communication and discussions in the classroom. This feature is also a key source of the benefits of integrating IWBs into teaching (Holmes, 2009; Northcote et al., 2010) . Via the direct contact made by students with learning materials, resources and interactive games on the IWB panel, students are encouraged to engage in dialogue. Hence, they make more accurate decisions and monitor the learning process on their own . Smith et al. argued that the ability of IWBs to boost student involvement and interaction support science teaching, which requires the active participation of students. The students themselves say IWBs are useful tools in triggering and accelerating the learning process, particularly when they can operate IWBs by themselves (Slay et al., 2008; Wall et al., 2005) . The visual nature of IWB, which integrates multimedia and multi-sensual presentations, reinforces learner impressions and strengthens their attention and learning motivation (Slay et al., 2008; Smith et al., 2005) .
Hennessy, Deaney, Ruthven and Winterbottom (2007) also concluded that IWB provided a new window for students to express themselves in the learning environment. These expressions are not limited to speech, but also include graphics and other forms of presentation. As a result, it is easier for students to be connected to scientific knowledge and to be receptive to feedback from teachers and peers. Furthermore, the dynamic characteristics of IWBs also help students focus on analyzing, deconstructing, and explaining key concepts, as well as on discussing their ideas with other students. Gillen et al. (2008) studied integrating IWBs into science teaching in elementary schools, and found that IWBs were relatively good at consolidating presentation of various multimedia resources and ICT functions. Murica (2008) argued that IWBs were able to link to online educational resources to acquire real life science scenarios, and in turn raised the possibility of linking active science learning and social contexts. In addition, IWB also produces a space that allows teachers and students to explore scientific ideas, ask questions and reconcile both scientific and informal concepts, creating an interactive communication pattern between teachers and students. The potential advantages mentioned above are of particular benefit to science teaching and learning .
Moreover, Maor and Fraser (2005) indicated that constructivist approach of teaching facilitated students' higher-order learning, which is a central goal of science education. While it is a trend for schools to increase computer usage to enhance higher-order learning, one of the methods to improve skills of higher-order thinking is for students to learn and investigate in social interaction-oriented classrooms using multimedia (Maor & Fraser, 2005) . The interactive functions of IWB have the potential to offer students a constructivist learning environment with interactive context. The aforementioned literature reviews reveal IWB's characteristics which include flexibility and versatility, multimedia/multimodal presentation, and improvement of interaction between teachers and students. In addition, it provides a large panel that each and every student can watch and manage. This enables science teachers to build a shared platform and constructivist learning environment that allow multimodal and multiple presentations, which are expected to assist student learning. Thus, this research refers to Maor and Fraser's viewpoint and from the angle of constructivist multimedia learning environment, tackles learners' attitudes towards the ICT-integrated teaching environment this research organizes.
Cell division in biology and IWB teaching
Cell division is generally acknowledged as a difficult topic for both teaching and learning by teachers and students of junior high school (Brown, 1995; Oztap et al., 2003) , particularly the topic of meiosis. Research identifies several difficulties, including: (1) lack of entire understanding of the physical relationship between the basic structure of genetics, and confusion about genetics terminology; (2) while cell division takes place within cells, students cannot see this process take place with their own eyes; and (3) inability to differentiate the similarities and dissimilarities of two types of cell division (Brown, 1995; Duncan, Rogat, & Yarden, 2009; Lewis et al., 2000a, b; Lewis & Wood-Robinson, 2000; Knippels, Waarlo, & Boersma, 2005; Oztap et al., 2003) . Therefore, if students can be helped to construct a coherent conceptual framework, and the dynamic process of cell division can be presented using assistive teaching devices (Brown, 1995; Lewis et al., 2000a,b; Oztap et al., 2003) , students should develop a better understanding of genetics.
Cell division can be categorized into mitosis and meiosis. Students consistently fail to clearly distinguish them. Often, the purposes, processes, and products of these processes are obscure to students, and the portrayal of the relationship among these geneticsrelated concepts in textbooks is hard to understand. This predicament may be solved via instructional strategies that connect students to these ideas by comparing the two types of cell division, fertilization, reproductive strategies, and the related concepts (Duncan et al., 2009; Knippels et al., 2005; Lewis et al., 2000b; Stewart, Cartier, & Passmore, 2005) . Because IWBs integrate multimedia/multimodal presentations, make lessons more flexible and versatile, and increase classrooms' interaction and participation level (please see the 'IWB and education' section), cell division in biology teaching can be facilitated by IWBs. Based on above, proposed biology teaching strategies based on the benefits of using IWB in teaching and learning. This research designs the IWB teaching activities for the topic of cell division based on the suggestions proposed by Yang and Wang.
Student science learning and interaction between teachers and students
Studies of teacher behaviors in the classrooms in achieving instructional and managerial goals have become the focus of many researchers. In recent years, there has been an international effort in conceptualizing, evaluating, and investigating attitudes towards learning environment, an important factor in predicting student learning achievements (Fraser, 1998; She & Fisher, 2000) . The ten-year cross-regional study carried out by the International Association for Evaluation of Education Achievement (IEA) (Anderson, Ryan, & Shapiro, 1989) indicated that in addition to teaching activities that are directly linked to students' learning accomplishments, students' attitudes towards science are closely connected to their perception of the learning environment (Myers Ⅲ & Fouts, 1992) , and affect their learning outcomes (Schibeci, 1984; Simpson & Oliver, 1985) . Furthermore, teacher management of the learning environment in the classroom, along with teaching strategies and methods, are also closely related to student attitudes towards science (Myers Ⅲ & Fouts, 1992; Yager, Tamir, & Huang, 1992) . Wubbels and Levy (1993) observed that a positive relationship between teachers and students improved both student interest in science and academic performance. They contend that the more vigorous the interaction between teachers and students is, the more the students become involved in their academic studies. Moreover, the course of teaching has an important influence on students learning achievement and attitude (Anderson et al., 1989) . Fraser (1998) also noted that teachers made an important contribution to the classroom's learning environment or atmosphere in guiding student scientific learning. Duran and Monereo (2005) also found that different instructional approaches affected the teaching structure in classroom and the nature of interactions between teachers and students. If teachers adjust their instructional pattern to enhance teacher-student and student-student interactions, students will be encouraged to participate, improving learning results (Crawford, Chen, & Kelly, 1997) . Therefore, interaction between teachers and students plays a key role in influencing learning outcomes (Anderson et al., 1989; Wubbels & Levy, 1993) .
The Flanders Interaction Analysis Categories (FIAC) developed by Flanders (1970) is widely employed to analyze teacher interactions with students in the classroom (Sahlberg, 2010; Sahlberg & Boce, 2010) . This research also adopts FIAC as its research basis for this purpose. The FIAC codes and analyzes observable verbal interactions between teachers and students in the classroom. Interactions are sorted into a total of 10 categories under the three major types of teacher talk, student talk and silence and confusion. In this way, FIAC documents and analyzes important events of teacher-student verbal interaction in the classroom (please see the 'Methodology' section for a more detailed introduction). The most attentiondrawing feature of IWBs is their high interactivity, and the learning environment it creates is greatly different from a learning environment integrating conventional ICT. This research thus employs FIAC to analyze and compare teacher-student verbal interactions in a conventional ICT-integrated learning environment and in a learning environment adopting IWB.
METHODOLOGY Participants
The participants are 107 (53 male and 54 female) first-year students from four classes of a junior high school in central Taiwan. This research adopts a quasiexperimental design and assigns randomly the participating classes into two groups (Table 1) : the C Group receives instruction in a conventional ICTintegrated learning environment (Microsoft PowerPoint slides with a projector and a conventional projection screen), while the IWB group receives instruction in an IWB-based learning environment.
Instruments Interactive Whiteboard (IWB)
The IWB adopted in this research is the SmartBoard TM produced by SMART TM Technologies in Canada, which comes with analog resistive technology. The IWB is connected via a USB cable to a laptop or PC, and the laptop or PC needs to be connected to the projector so that screen of the laptop or PC will be projected onto the IWB's panel. Teachers operate the computer by touching IWB's panel, as illustrated in 
Digital teaching materials
The teaching content adopted in this research is the topic of cell division, including the three sub-themes of 'the chromosome and its importance,' 'the significance and process of mitosis,' and 'the significance and process of meiosis.' The digital teaching materials for the IWB and C Groups cover the same learning concepts. The version for the C Group is constructed using Microsoft PowerPoint. This is designed for use with a projector and conventional projection screen. The version for the IWB group is primarily designed for use with an IWB, integrating multimedia/multimodal presentations. The instruction of the concept of meiosis can be taken as an example of this integration: digital teaching materials are split into two frames on the IWB panel. Firstly, the frame on the left shows the phenomenon of meiosis, a cell dividing into four different germ cells, while the frame on the right shows a flow chart of meiosis without showing the variation of the chromosomes in the cell nucleus. Using the mask mode function, as well as question and answer guidance between teachers and students, changes in the chromosome at each stage of meiosis are presented. Through the IWB's built-in functions of limitless copying, dragging, and moving up and down, variations in the chromosome in the process of meiosis can be broken down into steps and presented on the frame (Figure 2) , followed by use of animation to display the dynamic nature of meiosis.
The teaching activities are designed to request students to work in groups and to touch the panel of the IWB to operate the digital teaching materials to answer and complete the entire procedure of meiosis. 
269
Students can also draw on the IWB's digital teaching materials on the variations in the chromosome sets to improve their understanding of meiosis and increase their learning motivation (Figure 3 ). These strategies are used to enable students learn the process of meiosis using different presentations.
Summative assessment
The summative assessment is constructed based on the contents of digital teaching materials to assess student learning effectiveness. The summative assessment comprises 25 items, covering a total of 13 concepts under three sub-themes of 'the chromosome and its importance,' 'the significance and process of mitosis,' and 'the significance and importance of meiosis.' To address validity, a two-way specification table is created to ensure the questions are reasonably distributed. The items are also reviewed and revised by three experts of assessment and junior high school biology teachers. The KR20 reliability for the summative assessment is 0.790 and the average difficulty index is 0.507. In addition, the discrimination index for all items is above 0.300.
Constructivist
Multimedia Learning Environment Survey (CMLES)
This research employs the Constructivist Multimedia Learning Environment Survey (CMLES) constructed by Maro and Fraser (2005) to collect attitudes towards the learning environment of students in the C and IWB groups. CMLES is used to understand student attitudes towards their learning environment when teachers apply multimedia to teaching using a constructivist instructional approach. A higher score means that students are more positive and consider their learning environment constructive. As the learning environments for the two groups are both multimedia, this research evaluates students' attitudes towards their respective learning environments with the CMLES, and attempts to understand which environment is more suitable for the constructivist learning environment. CMLES includes two components, 'the process of learning with the multimedia program' and 'the multimedia program,' and consists of six subscales. The former component mainly measures student attitudes towards the process of learning with multimedia, covering the three subscales of 'negotiation,' 'inquiry learning,' and 'reflective thinking.' The latter evaluates student reactions to interactive multimedia, including the three subscales of 'relevance,' 'complexity' and 'challenge.' The six subscales are explained below.
1. 'Negotiation' subscale: the extent to which students have opportunities to discuss their questions and their solutions to questions. 2. 'Inquiry learning' subscale: the extent to which students are encouraged to engage in inquiry learning. 3. 'Reflective thinking' subscale: the extent to which students have opportunities to reflect on their own learning and thinking. 4. 'Relevance' subscale: the extent to which the information in the program is authentic and representative of real-life situations. 5. 'Complexity' subscale: the extent to which the program is complex and represents data in a variety of ways. 6. 'Challenge' subscale: the extent to which the multimedia program challenges and stimulates students to think. The CMLES adopts a 5-point Likert scale with a total of 30 items. There are five items in each subscale.Cronbach's α for the CMLES is 0.950 and for subscales 1-6 above, they are 0.825, 0.885, 0.900, 0.895, 0.865, and 0.884, respectively.
Flanders Interaction Analysis Categories (FIAC)
In order to investigate the interactions between teachers and students in the C and IWB groups, this research refers to Sahlberg (2010) , and Sahlberg and Boce (2010) , and employs the Flanders Interaction Analysis Categories (FIAC) developed by Flanders (1970) . The FIAC is used to code teacher-student verbal interactions in the learning environment of the C and IWB groups. To conform to situations in the research area and the classes conducted, instead of recording the predominant event of interaction every three seconds as a coding unit, this research records observable complete verbal interactive behaviors as a coding unit. For a thorough explanation, please refer to the 'data collection and analysis' section.
FIAC, in accordance with the concept that teachers influence students, encodes verbal interaction between teachers and students into three types and ten categories. The three types include 'teacher talk,' 'student talk' and 'silence and confusion'. 'Teacher talk' is bifurcated by 'asks questions' category into 'indirect influence' and 'direct influence'; the former includes three categories: 'accepts feeling,' 'praises or encourages,' and 'accepts or uses ideas of student,' while the latter also consists of three categories: 'lectures,' 'gives directions,' and 'criticizes or justifies authority.' 'Student Talk' includes 'student talk -response' and 'student talk -initiation' categories whereas possible silence or confusion in classrooms is classified as 'silence or confusion' category.
Research design and procedure
In order to investigate the effectiveness of integrating IWB into the teaching of the cell division topic of the Science and Technology curriculum in a junior high school, as well as its influences on student attitudes towards the learning environment and teacherstudent verbal interaction, this research adopts a quasiexperimental design and allows students in the IWB group to interact directly with IWB and digital teaching materials, while students in the C Group receive conventional ICT-integrated teaching with Microsoft PowerPoint slides on a projector and projection screen. The teacher in the C Group simply displays and presents the contents of digital teaching materials, using Adobe Flash animation for illustration. Students in the C Group are not given opportunities to be in instant contact with the digital teaching materials. The teachers and the concepts covered by the digital teaching materials are identical for the two groups, with the primary difference between them being how ICT is applied to and adapted for teaching.
The first step in the research procedure is administering the pre-test of the summative assessment to the students to acquire their entry learning behavior. The two groups of students are then each given a oneweek ICT-integrated teaching for a total of 5 classes. During the teaching, two cameras are installed in the front and rear of the classroom. The former covers all the students whereas the latter captures the full view of the classroom, with the focus on the teacher's instruction. After the teaching is completed, the posttest of the summative assessment and the CMLES are administered to students of both groups to understand their learning effectiveness and attitudes towards their learning environment. In addition, the teaching videos will be coded and analyzed by FIAC, to understand the differences between the C and IWB groups in teacherstudent verbal interaction.
Data collection and analysis
This research collected quantitative and qualitative data. Quantitative data are derived from the summative assessment and CMLES, in order to understand student learning effectiveness and their attitudes towards the learning environment in the C and IWB groups. This research uses SPSS PC 18.0 for analysis of covariance (ANCOVA) on the scores of the pre-test and post-test of the summative assessment, and use the scores of the pre-test as the covariance, the two different ICTintegrated learning environments as the fixed factor, and the scores of the post-test as dependent variables, to investigate student learning effectiveness in the two different ICT-integrated learning environments. Moreover, to understand student attitudes towards the two different ICT-integrated learning environments, an independent samples t-test is used on the scores of the CMLES to investigate whether a significant difference exists in student attitudes towards the IWB-integrated learning environment and the conventional ICTintegrated learning environment.
The qualitative data collected in this research are the data recorded in the teaching videos. To understand teacher-student verbal interactions in the two different ICT-integrated learning environments, the entire teaching process is recorded. This covers 5 classes of the cell division topic for a week (a class for approximately 50 minutes). The verbal interaction between the teacher and students presented in the teaching video recording data were first encoded according to the FIAC, and then the ratio of accumulated time of verbal interactions are analyzed using the Chi-square test of homogeneity. The encoding is performed by two experienced in-service teachers. The inter rater reliability is 0.863. The analysis is performed to determine whether there is a significant difference in the teacher-student verbal interaction of the two groups during the instruction.
RESULTS
Analysis of student learning effectiveness in the two different ICT-integrated learning environments
This research used independent samples t-test on the scores of the pre-test of the summative assessment to compare the entry behavior of students in the C and IWB groups. It is found that there is no significant differences in the entry behavior of students in the C and IWB groups (t=1.456, p>0.05). To understand the effectiveness of the two different ICT systems on student learning, ANCOVA was used to analyze the pre-test and post-test scores of the summative assessment. Before the analysis, the homogeneity test of the regression coefficient was performed, and the homogeneity assumption was not violated (F=3.898, p>0.05). The results of the ANCOVA are shown in Table 2 . Table 2 shows that the pre-test of the summative assessment scores have a significant impact on the posttest scores (F=5.457, p<0.05), as does the two different ICT-integrated learning environment factor (F=7.766, p<0.01). The post hoc test shows that students in the IWB group have significantly better learning effectiveness on the topic of cell division than those in the C Group.
This research performed a further analysis to understand student learning effectiveness on the three sub-themes of the topic of cell division, including 'the chromosome and its importance,' 'the meaning and process of mitosis,' and 'the meaning and process of meiosis.' Table 2 shows that the scores of the pre-test of the summative assessment on the three sub-themes all have no significant effect on the scores of the post-test of the summative assessment (p>0.05). However, the two different ICT-integrated learning environment factor has a significant impact on the scores of the posttest of the summative assessment of the three subthemes (chromosome and its importance: F=5.046, p<0.05; the meaning and process of mitosis: F=3.986, p<0.05; the meaning and process of meiosis: F=6.770, p<0.05). The post hoc test shows that students in the IWB group have significantly better learning effectiveness on all three sub-themes than those in the C Group.
Analysis of student attitudes towards the two different ICT-integrated learning environments
This research uses an independent samples t-test, based on the scores of the CMLES, to investigate the differences in student attitudes towards the two different ICT-integrated learning environments (Table  3) . Table 3 shows that students in the IWB group have significantly more positive attitudes towards their learning environment than those in the C Group (t=2.889, p<0.01). Table 3 also shows that among the six subscales of the CMLES, students in the IWB group have significantly better scores on the 'inquiry learning' (t=2.295, p<0.05), 'reflective thinking' (t=2.784, p<0.01), 'complexity' (t=2.501, p<0.05) and 'challenge' (t=3.107, p<0.01) subscales. However, there are no significant differences in the 'negotiation' (t=1.453, p>0.05) and 'relevance' (t=1.924,p>0.05) subscales. These results indicate that students in the IWB group, compared with those in the C Group, are more inclined to consider their learning environment a constructivist one. In addition, compared with students in the C Group, those in the IWB group tended to regard the digital teaching materials as not only easier to operate and more interesting to use, but also more challenging and stimulating for their thinking. Furthermore, students in the IWB group also considered their learning environment helpful to performing thinking and inquiry learning, and saw it as giving opportunities for reflecting on their learning and thinking. In addition, students in these two groups perceived both learning environments to be similar in offering opportunities for discussion and communication amongst peers, and presenting information relevant to daily life and pertinent and meaningful. Students also believed that the two learning environments were both representative of the complexity of real life situations. 
Analysis of teacher-student verbal interaction in the two different ICT-integrated learning environments
To understand the differences in teacher-student verbal interaction in the two different ICT-integrated learning environments, this research used the FIAC to code teaching videos recording the data of the two groups, and then ratios of accumulated time of verbal interactions are analyzed by using the Chi-square test of homogeneity. The results show that there is a significant difference in the ratio of accumulated time of teacherstudent verbal interactions (x 2 =1847.242, p<0.01) ( Table 4) . Table 4 shows that the top category, in terms of difference in the ratios of accumulated time of teacherstudent verbal interaction between the two groups, were 'lectures.' Compared with the C Group, the ratio of accumulated time of 'lectures' fell, while that of 'asks questions' increased, which in turn raised the time of 'student talk -response' in the IWB group. Moreover, the ratios of accumulated time of teacher-student verbal interactions that raise students' participation in the class in the IWB group, such as 'accepts feelings,' 'praises or encourages,' 'accepts or uses ideas of student,' occupied 6.7% of the total instruction time, while in the C Group they occupied 5.2%. The teacher in the IWB group spent 1.4% of the total instruction time to give directions to students, primarily due to guiding students in operating the IWB, while the teacher in the C Group spent 0.2% on giving directions. Nonetheless, 1.6% of total instructional time in the IWB group was spent on the verbal interaction of 'silence or confusion,' against 1.2% in the C Group. This was mainly because the teacher needed to spend time adjusting or operating information technology equipment, including computers, the IWB, and its peripheral software and hardware facilities.
CONCLUSION AND DISCUSSION
This research adopts IWB to construct a technology-enhanced interactive teaching environment. This research also compares the effectiveness of conventional ICT-integrated learning environment and IWB-integrated learning environments on student learning effectiveness and student attitudes towards their learning environment. In the conventional ICTintegrated learning environment, the teacher designed the digital teaching materials based on the characteristics of Microsoft PowerPoint, and used a projector and projection screen to present the digital teaching materials and perform teaching activities. However, in the IWB-integrated learning environment, the teacher designed the digital teaching materials based on the characteristics of the IWB and used the IWB to perform teaching activities. Both versions of digital teaching material cover the same concepts. The findings show that students in the IWB-integrated learning environment have significantly better learning effectiveness on the topic of cell division than those in the conventional ICT-integrated learning environment. Furthermore, students have significantly more positive attitudes towards the IWB-integrated learning environment than towards the conventional ICTintegrated learning environment. Students evidently deemed the IWB-integrated learning environment to be a more constructivist learning environment than the conventional ICT-integrated learning environment. Students tended to view the IWB-integrated learning environment as providing more opportunities for them to think and to perform inquiry learning, and that the digital teaching materials presented using IWB were not only interesting and simple to operate, but also more challenging and stimulating. Moreover, the digital teaching materials designed for IWB also provided students with ample information to select from. This Maor and Fraser's (2005) standpoint that constructivist multimedia learning environment guides students for higher-order learning, and improves learners' science learning effectiveness. The findings show that, contrast to conventional ICT-integrated, IWB-integrated learning environment is more in line with features of the constructivist multimedia learning environment, and that learners demonstrate better learning effectiveness in the IWB-integrated learning environment.
Based on the analysis of teacher-student verbal interactions, it is found that there are significant differences in the ratios of accumulated time of teacherstudent verbal interactions between two different ICTintegrated learning environments. The IWB-integrated learning environment tends to reduce the ratio of accumulated time of the verbal interactions of 'lectures,' and increase that of 'asks questions' and 'student talkresponse' categories of verbal interaction. Those differences of teacher-student verbal interactions observable in the IWB-integrated learning environment are consistent with the features of constructivist teaching, defined by Hirumi (2002) as individuals constructing knowledge based on interactions with their exterior surroundings. This research concluded that the IWB-integrated learning environment is instrumental in reducing time spent on 'lectures' and in increasing time spent on 'asks questions' and 'student talk -response.' These findings may also explain students' better learning effectiveness in the IWB-integrated learning environment. And this finding echoes Maor and Fraser's (2005) argument. Maor and Fraser pointed out that phenomena and events that could often be observed in science classrooms emphasize memorization and lower-order learning, for example didactic approach. In order for students to experience and practice higher-order learning, implementing a constructivist-oriented pedagogy is required. From the analysis of verbal interaction between teachers and students, the findings show that compared to conventional ICT-integrated learning environment, the ratio of accumulated time of 'lecture' decreases in the IWB-integrated learning environment, while the ratio of accumulated time of verbal interaction falling into the categories of 'asks questions' and 'student talk-response' categories increases. These findings show that the interaction between teachers and students is enriched via the medium of IWB. Distinct from students in conventional ICT-integrated learning environment, those in IWB-integrated learning environment tend to consider IWB-integrated learning environment to be a constructivist one, and deem IWB digital materials not only easy to operate and fun to use, but challenging and inspiring to their thinking. The same group of students also believes IWB-integrated learning environment supports their inquiry-based learning, and permits them to reflect on their studying and thinking. These findings reveal that the interactive attributes of IWB not only presents the learning environment in a more constructivist manner, but can also be a possible factor that contributes to learners' better learning effectiveness in the IWB-integrated learning environment.
From the aforesaid research findings, it is apparent that the primary advantages of using IWB to construct a technology-enhanced interactive teaching environment lie in improving student learning effectiveness, helping learners participate in learning and perform constructivist learning, reducing time spent on 'lectures' and increasing time spent on 'asks questions' and on 'student talk -response.' These findings can be further explained the intrinsic features of the IWB and the learning environment it creates. Hennessy et al. (2007) indicated that IWB integration provided a novel opportunity for students to operate the IWB interactively during instruction, and enabled students to be connected to science knowledge and to receive feedback from the teacher and from their peers. Holmes (2009) and Northcote et al. (2010) also observe that the high interactivity of IWBs not only reduces the distance between teachers and students and between the students themselves, but also enhances the classroom's interactions and discussions. IWB is unique in its characteristic of interactivity and multi-modal presentation, which promotes student understanding and increases their learning motivation (Gillen et al., 2007; Slay et al., 2008; Smith et al., 2005) . Gillen et al. (2007) , investigating the implementation of IWBs in elementary school science education, found that IWBs relatively easily integrate presentations of multiple resources and multiple ICT functions. They present an innovative possibility for promoting multidimensional teaching strategies. Moreover, integrating multimedia presentations via IWBs not only facilitates the continuity of students' learning experiences and presentation of scientific phenomena, but also encourages students to participate in learning activities and improve their understanding. Smith et al. (2005) further noted that the IWB enhancement of student participation and interaction is beneficial to science courses rich in inquiry activities and requiring student involvement. In addition, students also perceive IWBs to be effective tools that stimulate and accelerate their courses of learning, especially when they are given the opportunity to operate IWBs themselves (Slay et al., 2008; Wall et al., 2005) . The visual nature of IWBs, which coordinates multimedia and multi-sensory presentations, may reinforce student impressions, and strengthen their attention and learning motivation (Slay et al., 2008; Smith et al., 2005) . Thus, this research infers that IWBs make it easy to bring together a diverse array of resources and represent scientific phenomena via multi-dimensional teaching strategies, improving student involvement in and understanding of the course materials, and improving student learning effectiveness.
As this research focuses only on the topic of cell division in the junior high school Science and Technology curriculum, this research suggests that future studies to further investigate different subjects and students of different grades. In addition to quantitative data that assess student learning effectiveness and student attitudes towards their learning environment, this research suggests enhanced collection and analysis of qualitative data, including continued video recording of classroom teaching and increased interview with students to learn the relationship between teacher-student verbal interaction and student learning experiences and student attitudes towards learning environment. Furthermore, although the learning environment integrating conventional ICT such as Microsoft PowerPoint was found to be effective in assisting students of junior high school to learn the topic of cell division, Simpson, Pollacia, Speers, Willis, and Tarver (2003) showed that while the Microsoft PowerPoint-integrated teaching may be effective in presenting and delivering instruction, students were not satisfied with such instruction without any additional teaching activities to maintain student learning motivation. In other words, teachers need to design more teaching activities to attain the expected effectiveness with Microsoft PowerPoint-integrated teaching. Simpson et al.'s views can also be leveraged to explain the findings of this research. In contrast to the IWB-integrated learning environment, the conventional ICT-integrated learning environment, primarily using Microsoft PowerPoint for instruction, shows that lecturing by teachers dominated teacher-student verbal interaction, students often passively accepted the knowledge teachers passed on, the proportion of accumulated time of students' response to the teacher was lower, and students have less positive attitudes towards their learning environment, as they considered such learning environment as providing fewer opportunities for them to perform inquiry learning and thinking, and was less challenging. As both classes employing IWB and Microsoft PowerPoint use the projector to project digital teaching materials during instruction, without properly exploiting the unique interactive functions of the IWB, it is easy for the IWBintegrated teaching to look similar to the Microsoft PowerPoint-integrated teaching, and fail to demonstrate the effectiveness of IWB on student learning. This research hence recommends that teachers employing IWB thoroughly comprehend and apply IWB's distinctive interactive features to teaching activities to ensure the effectiveness of IWB-integrated learning environments. Future researchers are also advised to further explore how to improve the quality of IWBintegrated teaching through teacher training.
